The experiment was conducted in the years [2004][2005][2006] in a private farm in the village of Frankamionka in Zamość district. There were two experimental factors: I. Cultivation methods -sole cropping and strip intercropping; and II. Tending methods -mechanical, mechanical-chemical, and chemical weed control. The subject of the study was weed infestation of the Mela variety of common bean. Beans were sown between 30 April and 5 May. Weed infestation was assessed in the last week before harvesting by determining its floristic composition and the frequency of occurrence of particular weed species, as well as the air-dry weight of weeds.
INTRODUCTION
Common bean belongs to plants sensitive to weed competition. To avoid yield decrease, common bean crop should be kept weed-free 3 to 5 weeks after sowing (D o b r z a ń s k i , 1996; C h m i e l o w i e c and B o r o w y , 1998). When weeds accompany common bean during the entire growing-season, seed yield can be reduced even about 60% (H e m s s , 1985) . Herbicide application is the main method used in weed control. But in recent years there has been a trend to decrease the quantity of applied herbicides, and to minimize their negative influence on the environment. One
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University of Life Sciences in Lublin, Faculty of Agricultural Sciences in Zamość, Szczebrzeska 102, 22-400 Zamość, Poland e-mail: aleksandra.glowacka@up.lublin.pl Received: 19.02.2010 of the ways to achieve this goal is intercropping that has been used for fodder and food production for many years in various parts of the world (C a r r u t h e r s et al. 1998 ). This system results in more stable yields, and due to the more efficient use of nutrients, water, and light, it is possible to limit expenditures [H o rw i t h , 1985; F u k a i and T r e n b a t h , 1993; Z a n g and L i , 2003]. Strip intercropping attempts to reconcile the interests of the farmer and protection of the environment. It is a form of mixed cropping in which two or more crops are grown side by side in strips wide enough to enable independent mechanical cultivation, but sufficiently narrow to allow interaction of ecological factors. Because strip intercropping involves more species, it is similar to a natural ecosystem, and the spatial diversity can lead to increased total yield. Diseases, particularly those associated with weather conditions, have less effect on yield. Competition from pests and weeds is also reduced, so that the use of pesticides can be restricted (C r u s o e , 1990; L i e b m a n and D y c k , 1993). The Polish literature contains numerous studies on the advantages of mixed cropping (L e s z c z y ń s k a and C a c a k -P i e t r z a k , The aim of the study was to assess how different cultivation and tending methods affect weed infestation of the common bean crop.
METHODS AND CONDITIONS
A field experiment was conducted in an private farm in the village of Frankamionka in Zamość district in the years [2004] [2005] [2006] . The experiment was set up in a split-plot design with four replications. The experi-mental field was located on soil of clayey silt granulometric composition, slightly acidic (pH in 1 n KCl -6.5), containing 1.9% of organic matter.
The subject of the study was weed infestation of the Mela cultivar of common bean (Phaseolus vulgaris L.) . This is a very early, high-yielding variety, cultivated for dry seeds, suitable for growing all over Poland (except for a few northern regions).
The water, and Targa Super 05 EC (quizalofop-Pethyl) post-emergence at 1 L ha -1 with 200 L ha -1 water. Trifluralin was applied half a day before common bean sowing, and it was mixed with soil 6-8 cm deep immediately after application. Bentazon was used four weeks after sowing, when the common bean plants were at the first triple-leaf stage and the majority of dicotyledonous weeds were at the 4-leaf stage. Quizalofop-P-ethyl was applied five weeks after sowing, when the majority of weeds were at the second leaf stage -before the tillering stage. The herbicides were applied by a 'Pilmet Sano 2 P-030' backpack sprayer.
Beans were sown between 30 April and 5 May, at 45 cm row spacing using a one-row hand seeder. The planting density of common bean was 45,000 plants per hectare. Spring wheat was sown between 15 and 20 April in a quantity of 220 kg of seeds per hectare, dent maize was sown at the same time as common bean and the planting density was 120,000 plants per hectare. In the case of the two accompanying plants, three different tending methods were also applied (mechanical, mechanical-chemical, and chemical weed control).
Fertilization for common bean was applied uniformly in the amounts of N -30 kg ha -1 , P -40 kg ha -1 and K -108 kg ha -1 (in the following form: N -ammonium nitrate, P -super-phosphate, K -potassium sulphate). All the fertilizers were applied once before sowing. Tillage was conducted by the traditional method according to the recommendations for this plant.
Weed infestation of the common bean crop was assessed in the last week before harvesting by determining species composition and frequency as well as the dry weight of weeds. On each plot, two random sample areas were set off with a 1 m × 0.5 m frame. Within each frame, individual weed plants were counted and fl oristic composition was determined. When the weeds had been extracted and their roots cut off, the plants were dried and then weighed to determine their air-dry weight. Species nomenclature followed M i r e k et al. (2002) . Common bean was harvested by hand in late August or early September. The results were analysed statistically using variance analysis. Differences between means were evaluated with Tukey's test. The results were tested at a 95% probability.
RESULTS
The analysed experimental factors significantly influenced the weed infestation of the common bean crop. A total of 21 species of weeds were noted, of which 16 were ephemeral and 5 were perennial (Tables 1 and 2). Only 3 of the 21 species were monocotyledonous. These were barnyard grass (Echinochloa crus-galli), which occurred in high numbers in all the combinations, and -occurring sporadically -yellow foxtail (Setaria glauca) and loose silky-bent (Apera spica-venti). Most of the species (18) were dicotyledons. The number of weed species was not affected by the cropping method. Despite the small number of monocotyledonous species, these comprised 30% and 14.9% of the total number of weeds in the sole cropping and intercropping, respectively (Fig. 1) . The tending methods, on the other hand, significantly influenced the species biodiversity of the weeds. The greatest number of species was noted where chemical tending was applied, and the fewest when tending was limited to mechanical weeding of the inter-rows (twice). The proportion of monocotyledons was also influenced by the different methods of weed control (Table 5 ). In the treatments in which the chemical methods were used, the number of barnyardgrass weeds was greater Total number of species 18 than in the other treatments. Irrespective of the experimental factors, the species found in the largest numbers were Galinsoga parviflora, Chenopodium album, Amaranthus retroflexus, and Echinochloa crus-galli. These dominant species comprised from 81% of the total number of weeds in the case of the intercropping to 92% in the sole cropping. The remaining species occurred rarely or sporadically.
Under the conditions of strip cropping of beans with dent maize and spring wheat, the total number of weeds per unit area was significantly lower; weed density was over 50% lower than in the case of the sole cropping (Table 3 ). This indicator was also influenced by the weeding method. Significant differences were noted between mechanical tending and mechanical-chemical tending. Like the number of weeds, the weight of their aerial parts was also significantly lower in the case of the strip intercropping. The tending method also had a very marked influence. The highest dry weight of aerial parts was noted in the case of mechanical weeding, while significantly lower weights were produced by the weeds when one of the other tending methods was applied. The differences between the mechanical-chemical method and the chemical method were small and statistically insignificant (Table 4) .
Changes in weed infestation of common bean, as a result of different cultivation and tending methods, influenced the yield of seeds. Strip cropping significantly increased yield as compared to sole cropping. The highest weed infestation under the conditions of the mechanical method resulted in a low yield of common bean. The other tested methods of tending significantly increased seed yields (Table 6 ).
DISCUSSION
The dominant species in weed infestation of the common bean crop were Galinsoga parviflora, Echinochloa crus-galli, Chenopodium album, and Amaranthus retroflexus. These species are also mentioned by C h m i e l o w i e c and B o r o w y (2004) as those occurring most frequently in bean crops in the Lublin region. They accounted for 84.7% of the total number of weeds. The most frequently occurring species was Galinsoga parviflora (47%). The remaining species occurred sporadically.
Pulse crops grow slowly in the initial phase, which creates favourable conditions for the development of weeds. Mechanical methods of weed control are not always effective, especially in unfavourable weather conditions. In the present study, the highest weed infestation was found to result when mechanical procedures alone were used for weed control. The most effective was the mechanical-chemical method, which significantly reduced both the number of weeds and their dry weight. This method is gaining in importance due to the promotion of integrated agriculture and efforts to restrict the use of chemicals (P o d l e ś n y , 2007). The chemical method was less effective in reducing the number of weeds per unit area. This could be due to the high frequency of barnyardgrass, which is resistant to bentazon, and of Galinsoga parviflora, which emerged after the active substance in the herbicide was no longer effective. Survived plants of Echinochloa crus-galli could have been covered by bean leaves or were at a later stage of growth and this decreased the effect of quizalofop-P-ethyl application. C h m i e l o w i e c and B o r o w y (2004) report that after the application of bentazon survived weeds were most advanced in growth and with leafs covered by little hairs (Amaranthus retroflexus, Galinsoga ciliata) and they were also shaded by bean leaves.
Mixed cropping increases genetic diversity, thereby improving the health and production capacity of crops (L e s z c z y ń s k a and C a c a k -P i e - , 2007) . This is confirmed by the results of the present study. Strip intercropping of common bean with dent maize and spring wheat led to a substantial, statistically significant reduction in both the density of weeds in the bean field and their dry weight, as compared with the sole cropping. It is worth emphasizing that in the case of strip intercropping with solely mechanical tending the values of these weed infestation indicators were similar to those obtained for sole cropping with mechanical-chemical tending. This indicates that strip intercropping can be applied in agriculture that is sustainable, integrated and even organic -after herbicides have been eliminated (G ł o w a c k a , 2007) .
CONCLUSIONS
1. In the segetal community of the common bean, 21 species were noted, of which 16 were ephemeral and 5 perennial. The ephemeral species of Galinsoga parviflora, Echinochloa crus-galli, Chenopodium album, and Amaranthus retroflexus were dominant weeds. Perennial species occurred sporadically. 2. Strip intercropping significantly reduced the occurrence of weeds in the common bean crop. Both the number of weeds and their dry weight were almost 50% lower under strip intercropping conditions than in sole cropping. Gatunkami dominującymi w zachwaszczeniu fasoli zwyczajnej były Galinsoga parviflora, Echinochloa crus-galli, Chenopodium album oraz Amaranthus retroflexus, stanowiące 84,7% ogólnej liczby chwastów. Uprawa współrzędna pasowa wyraźnie zmniejszała liczbę chwastów na jednostce powierzchni (o 50%), jak i wytworzoną przez nie sucha masę części nadziemnych. Najskuteczniejszą metodą regulacji zachwaszczenia była metoda mechaniczno-chemiczna. W warunkach jej stosowania stwierdzono najmniejsze nasilenie występowania chwastów. Sprzyjała ona również znacznemu ograniczeniu masy wytwarzanej przez chwasty. Korzystny wpływ uprawy pasowej na ograniczenie zachwaszczenia sprzyjał wytwarzaniu większego plonu handlowego nasion w porównaniu do siewu czystego. Najmniejszy plon nasion otrzymano przy stosowaniu mechanicznych zabiegów regulacji zachwaszczenia.
